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The pseudo-first-order adsorption kinetic model:

e t e 1log( ) logq q q k t− = −  

where 1k (min-1) is the rate constant in the pseudo-first-
order adsorption process, eq (mg g-1) and tq (mg g-1) are 
the amounts of adsorbed Cr(III) or Cr(VI) on Cu-S·PPP-SH 
at equilibrium and at time t (min), respectively. 1k and eq
can be calculated from the slopes and the intercepts of the 
plots e tlog( )q q− versus t .

The pseudo-second-order kinetic model:
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where 2k (g mg-1 min-1) is the rate constant in the pseudo-
second-order adsorption process, and 2k and eq can be 
calculated from the slopes and the intercepts of the plots 

tt / q versus t . This model is in agreement with chemical 
adsorption being the rate-controlling step.

The intra-particle diffusion model to elucidate the 
diffusion mechanism:

0.5
t idq = k t + I

where idk  (mg g-1 min-0.5) is the intra-particle diffusion rate 
constant, and I (mg g-1) is a constant. idk  and I (mg g-1) 
can be calculated from the slopes and the intercepts of the 
plots tq versus 0.5t .

The Langmuir model assumes that the uptake of metal 
ions occurs on a homogeneous surface by monolayer 

adsorption without any interaction between adsorbed 
ions. The linear form of Langmuir isotherm equation is 
represented as follows: 

e e

e m m

1C C
q q b q

= +

where eC (mg L-1) is the equilibrium concentration of 
chromium in solution, eq (mg g-1) is the sorption capacity 
at equilibrium, mq (mg g-1) is the maximum sorption 
capacity of the biosorbent, and b (L mg-1) is the Langmuir 
constant termed as apparent energy of adsorption. The 
values of mq and b can be determined from the slope 
( m1/ q ) and intercept ( m1/ q b ) of the linear plots of 

e e/C q versus eC , respectively. 
The Freundlich isotherm assumes that the uptake of 

metal ions occur on a heterogeneous surface by multilayer 
adsorption and that the amount of adsorbate adsorbed 
increases infinitely with an increase in concentration. 

The Freundlich isotherm is expressed by the following 
empirical equation: 

1/
e F e

nq K C=

and the logarithmic form of this equation is:

e F e
1log log logq K C
n

= +

where FK (mg(1-1/n) L1/n g-1) is the Freundlich adsorption 
constant representing the adsorption capacity, n is an 
arbitrary constant related to the adsorption intensity, 
and other parameters are the same as in the Langmuir 
isotherm. The values of FK and n were calculated from 
slope (1/ n ) and intercept ( Flog K ) of the plots Flog K
versus elogC . 

*Corresponding author: Xiaojun Jiang, School of Chemical 
Engineering, University of Science and Technology Liaoning, Anshan 
114051, PR China, E-mail: asjiangxiaojun@163.com 
Tian Ai: School of Chemical Engineering, University of Science and 
Technology Liaoning, Anshan 114051, PR China 
Qingyu Liu: College of Engineering, Shenyang Agricultural 
University, Shenyang 110161, PR China

 Journal xyz 2017; 1 (2): 122–135

The First Decade (1964-1972)
Research Article 

Max Musterman, Paul Placeholder
What Is So Different About 
Neuroenhancement? 
Was ist so anders am Neuroenhancement?

Pharmacological and Mental Self-transformation in Ethic 
Comparison 
Pharmakologische und mentale Selbstveränderung im 
ethischen Vergleich

https://doi.org/10.1515/xyz-2017-0010 
received February 9, 2013; accepted March 25, 2013; published online July 12, 2014

Abstract: In the concept of the aesthetic formation of knowledge and its as soon 
as possible and success-oriented application, insights and profits without the 
reference to the arguments developed around 1900. The main investigation also 
includes the period between the entry into force and the presentation in its current 
version. Their function as part of the literary portrayal and narrative technique. 

Keywords: Function, transmission, investigation, principal, period

Dedicated to Paul Placeholder

1  Studies and Investigations
The main investigation also includes the period between the entry into force and 
the presentation in its current version. Their function as part of the literary por-
trayal and narrative technique.

*Max Musterman: Institute of Marine Biology, National Taiwan Ocean University, 2 Pei-Ning 
Road Keelung 20224, Taiwan (R.O.C), e-mail: email@mail.com
Paul Placeholder: Institute of Marine Biology, National Taiwan Ocean University, 2 Pei-Ning 
Road Keelung 20224, Taiwan (R.O.C), e-mail: email@mail.com

 Open Access. © 2017 Mustermann and Placeholder, published by De Gruyter.  This work is 
licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

 Open Access. © 2018 Tian Ai, Xiaojun Jiang, Qingyu Liu, published by De Gruyter. 

 Journal xyz 2017; 1 (2): 122–135

The First Decade (1964-1972)
Research Article 

Max Musterman, Paul Placeholder
What Is So Different About 
Neuroenhancement? 
Was ist so anders am Neuroenhancement?

Pharmacological and Mental Self-transformation in Ethic 
Comparison 
Pharmakologische und mentale Selbstveränderung im 
ethischen Vergleich

https://doi.org/10.1515/xyz-2017-0010 
received February 9, 2013; accepted March 25, 2013; published online July 12, 2014

Abstract: In the concept of the aesthetic formation of knowledge and its as soon 
as possible and success-oriented application, insights and profits without the 
reference to the arguments developed around 1900. The main investigation also 
includes the period between the entry into force and the presentation in its current 
version. Their function as part of the literary portrayal and narrative technique. 

Keywords: Function, transmission, investigation, principal, period

Dedicated to Paul Placeholder

1  Studies and Investigations
The main investigation also includes the period between the entry into force and 
the presentation in its current version. Their function as part of the literary por-
trayal and narrative technique.

*Max Musterman: Institute of Marine Biology, National Taiwan Ocean University, 2 Pei-Ning 
Road Keelung 20224, Taiwan (R.O.C), e-mail: email@mail.com
Paul Placeholder: Institute of Marine Biology, National Taiwan Ocean University, 2 Pei-Ning 
Road Keelung 20224, Taiwan (R.O.C), e-mail: email@mail.com

 Open Access. © 2017 Mustermann and Placeholder, published by De Gruyter.  This work is 
licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

 This work is licensed under the Creative 
Commons Attribution-NonCommercial-NoDerivatives 4.0 License.



Chromium removal from industrial wastewater using Phyllostachys pubescens biomass...    S73

Table S1: Constants of pseudo-first-order, pseudo-second-order and intra-particle diffusion models for Cr(III) and Cr(VI) on Cu-S·PPP-SH. 

Model Pseudo-first-order Pseudo-second-order

Metals eq
(mg g-1)

1k
(min-1)

2R eq
(mg g-1)

2k
(g mg-1 min-1)

2R

Cr(III)
Cr(VI)

12.31
14.40

-0.087
-0.042

0.977
0.964

16.42
23.05

0.010
0.007

0.997
0.999

Model Intra-particle diffusion

Metals
id1k

(mg g min-1)

1C
(mg g-1)

2R id2k
(mg g min-1)

2C
(mg g-1)

2R id3k
(mg g min-1)

3C
(mg g-1)

2R

Cr(III)
Cr(VI)

6.085
2.850

-2.258
1.614

0.955
0.991

0.267
4.450

14.106
-0.655

0.579
0.962

—
0.538

—16.670 —0.958

Figure S1: SEM images of (a) PPP, (b) PPP-OH, (c) PPP-SH and (d-f) Cu-S·PPP-SH. 

Figure S2: Effect of contact time on adsorption of Cr(III) and Cr(VI) by Cu-S·PPP-SH. Conditions: pH 6.1 and 1.9 for Cr(III) and Cr(VI), initial 
metal ion concentrations 50 mg L-1, adsorbent concentrations 2.0 g L-1, temperature 25 ℃. 
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Figure S3: SEM images of Cu-S·PPP-SH for the adsorption of (a) Cr(III) and (b) Cr(VI) after repeated use for three times. 

 

 

 
Scheme S1

Scheme S1: The possible modification mechanism of (a) PPP-OH, (b) PPP-SH, (c) (PPP-S)2Cu and (d) Cu-S·PPP-SH. 
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(a) 

2 3
2 4 3 23Cu-S PPP-SH+2H CrO +12H O 3Cu +3S+3PPP-SH+2Cr +20H O     

2 3
4 3 23Cu-S PPP-SH+2HCrO +14H O 3Cu +3S+3PPP-SH+2Cr +22H O      

2 2 3
4 3 23Cu-S PPP-SH+2CrO +16H O 3Cu +3S+3PPP-SH+2Cr +24H O      

2 2 3
2 7 3 23Cu-S PPP-SH+Cr O +14H O 3Cu +3S+3PPP-SH+2Cr +21H O      

3
33PPP-SH+Cr (PPP-S) Cr+3H   

2
22PPP-SH+Cu (PPP-S) Cu+2H   

(b) 

3
33Cu-S PPP-SH+Cr (Cu-S PPP-S) Cr+3H     

2
23Cu-S PPP-SH+Cu (Cu-S PPP-S) Cu+2H     

Scheme S2 
Scheme S2: The possible adsorption mechanisms of Cu-S·PPP-SH: (a) Cr(VI) adsorption; (b) Cr(III) adsorption. 
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